in Iran, a novel actinomycete, strain T , was isolated from a soil sample collected from Meighan, a wetland located north-east of Arak, an industrial city in Iran. The wetland (348 119 440 N 498 509 480 E) is a natural ecosystem and the largest source of sodium sulfate in the centre of the country, where an arid-semiarid continental climate dominates. The wetland has an altitude of about 1700 m above sea level and an area of about 2.5610 4 hectares. The strain was isolated by diluting the soil sample in sterile 3 % (w/v) salts solution, plating on glycerol-casein agar (Küster & Williams, 1964) and incubating at 28 8C aerobically for 3 weeks. The purified strain was maintained on yeast extract-malt extract agar [International Streptomyces Project (ISP) 2; Shirling & Gottlieb, 1966] at 4 8C and as glycerol suspensions (20 %, v/v) at 220 8C and 280 8C.
Haloglycomyces albus YIM 92370
T was used as a reference strain for positive and negative testing and for comparison with isolate T . The cultural and morphological properties were examined on media recommended by Shirling & Gottlieb (1966) and Waksman (1961) . All culture media were supplemented with 7.0 % (w/v) NaCl. The colour of aerial mycelium (spore mass) and substrate mycelium was determined on yeast extract-malt extract agar (ISP 2), oatmeal agar (ISP 3), nutrient agar (Merck) and Czapek's agar at 28 8C for 3 weeks using colour chips from the ISCC-NBS charts (Kelly, 1964) . Spore motility was investigated under light microscopy using sterile distilled water. The ability to produce diffusible pigment was assayed on ISP 2, ISP 3, inorganic salts-starch agar (ISP 4) and glycerol-asparagine agar (ISP 5) media. Melanin production was evaluated on peptone-yeast extract-iron agar (ISP 6) and tyrosine agar (ISP 7) after incubation for 7 days at 28 8C. Spore chain morphology of a 7-dayold culture grown on ISP 2 agar was observed using a scanning electron microscope (model VEGA3; TESCAN).
Strain T was a Gram-stain-positive, strictly aerobic and non-acid-fast actinomycete. The isolate formed colourless to pale green colonies and produced sparse pale green and short aerial mycelium. Substrate mycelium fragmented to rod shapes and some polymorphic elements (Fig. 1) . The white to pale yellow spore mass was formed only in the presence of L-histidine and L-lysine within the culture media. No diffusible pigment was produced.
Physiological and biochemical tests were carried out at 28 8C using standard methods (Gordon et al., 1974; Williams et al., 1983) , which included catalase and oxidase determination; acid production from carbohydrates; decomposition of aesculin, gelatin, arbutin, adenine, hypoxanthine, tyrosine, urea, guanine, xanthine, xylan and Tweens 20, 40, 60 and 80; and hydrolysis of starch, cellulose, casein and DNA. Utilization of carbohydrates and nitrogen compounds was determined according to the methods described by Shirling & Gottlieb (1966) and Williams et al. (1983) , respectively. The temperature range for growth was examined on ISP 2 agar at 0, 4, 10, 15, 20, 28-37 (at intervals of 1.0 8C), 40 and 45 8C. The pH range for growth was assessed in ISP 2 broth at pH 4.0-11.0 (at 0.5 pH unit intervals) using 50 mM MES (for pH 4-6.5), HEPES (pH 7-8) and CHES (pH 8.5-11) buffers. Tolerance to NaCl was assessed on ISP 4 agar medium containing 0, 1, 3, 5, 7.5, 10, 12.5, 15, 17.5, 20, 23 and 25 % NaCl. Reduction of nitrate and production of melanoid pigment were determined by the method of the ISP (Shirling & Gottlieb, 1966) . Production of H 2 S was tested by growing strain Miq-4 T on ISP 6 agar slant medium at 28 8C. All tests were recorded after 7-21 days.
Strain T grew at a temperature range of 20-40 8C (optimum 30 8C), pH 6-11 (optimum pH 7.0-8.5). The NaCl concentration for growth was 3-15 %, with optimal growth at 7.0 %. Strain Miq-4 T reduced nitrate to nitrite, but nitrite reduction was not observed. Casein was peptonized and starch was weakly hydrolysed. Moreover, this strain was not capable of producing H 2 S. Some phenotypic characteristics of strain T and H. albus YIM 92370 T are given in Table 1 .
Cell biomass for the analysis of the cell wall, isoprenoid quinones and polar lipids was obtained by cultivation in shaking flasks containing ISP 2 broth medium supplemented with 7.0 % NaCl for 5 days. The biomass was harvested by centrifugation (Sigma model 4-16k) at 5000 r.p.m. for 20 min, washed twice in distilled water and lyophilized. Isomers of diaminopimelic acid and whole-cell sugars were determined by established TLC methods (Staneck & Roberts, 1974; Lechevalier & Lechevalier, 1970) . Cells of strain Miq-4 T contained meso-diaminopimelic acid, ribose and glucose (Fig. S1 , available in the online Supplementary Material). According to the Guan et al. (2009) report, the cell-sugar content of H. albus YIM 92370
T contained xylose in addition to glucose and ribose. Polar lipids were extracted and identified by the method of Minnikin et al. (1984) . Significant quantities of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and phosphatidylinositol mannoside were observed in strain T , and the polar lipid patterns of strain Miq-4 T and H. albus YIM 92370 T were very similar (Fig. S2) . The extraction and purification of menaquinones was carried out using the method of Collins et al. (1977) , and isoprene units were analysed by HPLC equipped with a Zorbax-XDB C18 column (Agilent). The predominant menaquinone was MK-9(H 4 ). The cellular fatty acid composition was determined according to the standard protocols as described for the Microbial Identification System (MIDI, Sherlock version 6.1). Cells were cultured on tryptic soy agar containing 7.0 % (w/v) NaCl at 30 8C. The major fatty acids of strain T were anteiso-C 17 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 . The fatty acid profiles of T and H. albus YIM 92370
T have been compared in Table 2 .
The genomic DNA G+C content of strain Miq-4 T was determined by reversed-phase HPLC of nucleosides according to Mesbah et al. (1989) . The DNA G+C content was 68.2 mol% which is different from that reported for H. albus YIM 92370 T (60.8 mol%; Guan et al., 2009 ).
Genomic DNA from strain Miq-4 T was prepared using the modification of salting-out procedure described by Pospiech & Neumann (1995) . Approximately 50-100 mg biomass of strain Miq-4 T was taken from ISP2 broth medium and transferred to a 150 ml microfuge tube. The biomass was resuspended in 567 ml SET buffer [NaCl 75 mM, EDTA 25 mM (pH 8), Tris/HCl 20 mM (pH 7.5)] and mixed with lysis solution buffer which contained 100 ml lysozyme (30 mg ml 21 in 10 mM Tris pH 8) and incubated at 37 8C for 1 h. Lysis was accomplished by adding 9 ml proteinase K (600 U ml 21 ), 100 ml 10 % SDS and 3 ml RNase (10 mg ml 21 ) followed by brief mixing and incubation at 55 8C for 2 h. The lysate was centrifuged at 10 000 r.p.m. (Sigma model 1-14) for 15 min. The resulting preparation was extracted according to the reference protocol. DNA was precipitated with 2-propanol and rinsed with 70 % (v/v) ethanol. The pellet was dried at room temperature and the DNA dissolved in 50 ml TE solution.
PCR amplification was carried out using 10F (59-GAGTT-TGATCCTGGCTCA-39) and 1500R (59-AGAAAGGAGG-TGATCCAGC-39) universal primers. PCR conditions included three temperature cycles: initial denaturation at 94 8C for 5 min; 25 cycles of denaturation at 94 8C for 1 min, annealing at 56 8C for 1 min and extension at 72 8C for 90 s; and a final extension at 72 8C for 10 min. The purified PCR product was sequenced using an ABI 3730XL DNA sequencer at Macrogen (Seoul, South Korea). Identification of phylogenetic neighbours was initially carried out by BLAST (Altschul et al., 1997) and MEGABLAST (Zhang et al., 2000) programs. The aligned 16S rRNA gene sequences of strain T and 31 most closely related type strains were analysed using MEGA version 6 program (Tamura et al., 2013) . Tree reconstructions were based on almost-complete 16S rRNA gene sequences of type strains most closely related to strain Miq-4 T and conducted by the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1992) and maximum-likelihood (Felsenstein, 1981) methods.
The 16S rRNA gene sequence of strain T (1492 nt) was obtained and used for initial BLAST searches in the GenBank database and phylogenetic analysis. The identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the EzTaxon-e database (Kim et al., 2012) . The 16S rRNA gene sequence analysis revealed that strain Miq-4 T is a member of the family Glycomycetaceae, and was most closely related to H. albus YIM 92370 T with 94.1 % similarity. The 16S rRNA gene sequence similarity of strain T with type species of the genera Glycomyces and Stackebrandtia was only 92.1 and 90.8 %, respectively. As seen in Fig. 2 , phylogenetic analysis based on the neighbour-joining algorithm revealed that strain T and H. albus YIM 92370
T was included in a separate subclade within the family Glycomycetaceae. The tree topology with the neighbour-joining algorithm is similar to those obtained with the minimum-evolution and maximum-likelihood methods, and confirmed the phylogenetic cluster formed by strain T and other neighbours in this family (Figs. S3 and S4) . This phylogenetic divergence is further supported by the existence of characteristic signature nucleotides. The 16S rRNA gene characteristic signature nucleotides of strain T and members of the family Glycomycetaceae are shown in Table 3 . According to these data, there are distinctive differences between strain Miq-4 T and members of the genera Glycomyces, Stackebrandtia and Haloglycomyces.
Strain T showed some chemotaxonomic differences with H. albus YIM 92370
T . The DNA G+C content of strain T is distinctly different from that of H. albus YIM 92370
T . The chemotaxonomic features of strain T and H. albus YIM 92370 T are shown in Table 1 . Although the maximum 16S rRNA gene sequence similarity value (94.1 %) between strain Miq-4
T and H. albus YIM 92370
T clearly leads to classifying the strains in distinct genera, the inclusion of strain T in the family Glycomycetaceae was supported by the presence of an almost-complete set of family-specific signature nucleotides; the exceptions are an A residue instead of a G residue at position 534, an A residue instead of a G residue at position 825, a G residue instead of an A residue at position 1117, and a G residue instead of C and C residue instead of G in positions 1309/1328.
In conclusion, based on our polyphasic investigation, strain T represents a novel species of a new genus in the family Glycomycetaceae, for which the name Salininema proteoliyticum gen. nov., sp. nov. is proposed. An emended description of the family Glycomycetaceae is also provided.
Emended description of the family Glycomycetaceae
The description of the family Glycomycetaceae is as described by Stackebrandt et al. (1997) Description of Salininema gen. nov. Salininema (Sa.li.ni.ne9ma. L. n. salinum salt barrel; Gr. neut. n. nema thread; N.L. neut. n. Salininema a salt thread).
Gram-stain-positive, strictly aerobic and non-acid-fast actinomycete. Forms colourless to pale green and abundant substrate mycelium, and short and straight aerial mycelium. Exhibits type III cell-wall composition (meso-diaminopimelic acid), while the whole-cell sugars pattern consists of glucose and ribose. Phospholipid pattern is type PII with a significant amount of phosphatidylethanolamine. The 16S rRNA signature nucleotides of the genus Salininema proteolyticum gen. nov., sp. nov.
L-proline and L-asparagine as sole carbon, nitrogen and energy sources. Does not utilize L-aspartate, L-tyrosine, Lglutamic acid, L-hydroxyproline or L-glutamic acid. The phospholipid pattern consists mainly of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and phosphatidylinositol mannoside. The fatty acid profile consists of anteiso-and iso-branched types including anteiso-C 17 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 .
The type strain is Miq-4 T (5IBRC-M 10908 T 5LMG 28391 T ) isolated from Meighan wetland of Iran. The DNA G+C content of the type strain is 68.2 mol%.
